Objective: To report our experience with transcatheter embolization (TCE) for iatrogenic renal hemorrhage at our institution.
Introduction
Renal vascular injuries are the main complications of percutaneous procedures and require close observation. Although the majority of these patients can be managed with conservative treatments, a number of complications such as prolonged hematuria, persistence of bleeding with unstable condition, arteriovenous fistula formation and pseudoaneurysm require active operative or angiographic intervention. Renal biopsy, nephrostomy placement, partial nephrectomy and percutaneous nephrolithotomy (PNL) are some of the procedures that may cause massive bleeding, which can be treated successfully by transcatheter embolization (TCE). [1] Additionally, the introduction of smaller catheters and novel embolic agents has decreased the morbidity associated with this technique. [2] Over the last decade, PNL became one of the most frequently applied surgeries in urology departments. Concurrently, the complications of PNL have recently been the subject of numerous publications. It has been reported that bleeding is one of the most common complications after PNL. [3] It is therefore important for urologists to work in close collaboration with interventional radiologists if worrisome renal hemorrhaging is to be prevented with minimally invasive techniques.
In this study, we aimed to report our experience with TCE in 18 consecutive patients with massive renal bleeding after renal procedures. In addition, we investigated whether the increasing number of TCE procedures for iatrogenic renal injuries at a single hospital was associated with the performance of PNL.
Materials and methods
From 2005 to 2010, eighteen patients underwent twenty TCE procedures for iatrogenic renal injury at our institution. Embolization procedures used for the elective cases including; treatment of angiomyolipoma, before nephrectomy for renal mass and end-stage renal disease were excluded from the study. Patient age, gender, Clavien classification, transfusion units, indications for TCE and embolic material were noted. The numbers of TCE and PNL performed during the years were reviewed retrospectively. The TCE-related complications were obtained from the medical records. The data are represented as the mean±standard deviation.
All TCE procedures were performed at the same angiography unit (Siemens Axion Artis FA, Germany) of our institution by the same interventional radiologist (KCC). The decisions to perform TCE were made after consultations between the departments and after informed consent was obtained from the patients. Duplex ultrasound of the kidneys (n=8) and/or computed tomography (CT) angiography (n=14) was performed prior to TCE treatment in each patient. Prophylactic antibiotics and analgesics were administered and pre-procedural anxiolytics were given, depending on the indication and context. The patients were appropriately hydrated before the embolization to avoid any deterioration of renal function.
The Seldinger method was used for introduction from the right femoral arterial access site under local anesthesia. Aortography was initially performed via insertion of a pig-tail catheter and followed by selective renal arteriography to elucidate any pathology related to the iatrogenic injury. A total of 25 mL of non-ionic contrast material was used at 15 mL/second for visualization. After determination of the renal artery ostia, a 5F catheter was used to facilitate the advancement into the renal artery. Additionally, a 2.7F micro-catheter was used for the superselective catheterization into the distal branches. Subsequently, any vascular structures causing bleeding were identified. Embolizing materials used for the treatment are listed as follows: periferic coil (Hilal microcoil 0.18 COOK, Azur hydrocoil pushable 0.18 TERUMO), glue (liquiband MEDLOGIC), and Onyx-18 (MTI-EV3, Irvine, CA, USA). The embolizing materials were selected according to the lesion diameter and the type of hemorrhage.
The serum creatinine and hemoglobin levels, blood pressure and vital status of the patient were monitored closely prior to and after the procedure. TCE was repeated if any failure of the embolization was detected. Technical success was defined as occlusion of the lesion documented by immediate post-procedural angiography. Clinical success was defined as complete cessation of hematuria and the return of normal hemoglobin and creatinine values with no recurrence within 4 weeks.
Results
Of the 18 patients (12 male, 6 female) whose charts were reviewed, the mean patient age was 39.3±12.0 years (range 18-to-65). The mean time for the TCE performance after the main procedure leading to iatrogenic renal hemorrhage was 4.8±4.0 days (range 1 to 14). The mean hemoglobin value was 7.8±1.4 mg/dL (range 5 to 11) prior to TCE. The Clavien grade was IIIa for 17 patients and IVa for one patient. The mean number of transfusion units prior to TCE was 2.9±2.2 (range 1 to 8). The procedures leading to severe renal hemorrhage were renal biopsy (n=2), nephrostomy placement (n=1), partial nephrectomy (n=3) and PNL (n=12).
In total, there were 3 performances of TCE for iatrogenic injuries in the first two years, 9 in the second two years and 6 in the remaining two years. In accordance, the numbers of PNL procedures performed during these defined periods were 92, 208 and 143, respectively. The proportion of the PNL over the other causative procedures leading to TCE is shown in Figure 1 . Of the 18 patients, angiography revealed pseudoaneurysm as the main cause of bleeding in 10 ( Figure 2 ). In the rest of the patients, arteriovenous fistula (AVF) was detected in 2, and persistent bleeding into the collecting system was detected in 6 ( Figure 3 ). A total of 16 patients underwent single endovascular intervention, whereas two patients (11.1%) required a second TCE procedure to stop the bleeding. Technical success was achieved in 17 of the patients, whereas clinical success was achieved in 15. The overview of patient characteristics, including the embolizing agents, is summarized in Table 1 . One patient, in whom PNL was the causative procedure of massive hemorrhage requiring TCE, had undergone nephrectomy. Regardless of the technically successful TCE performance, prolonged hematuria developed, and the patient became hemodynamically unstable. After performance of nephrectomy, the hematuria ceased, and the patient became stable within the following week.
Following TCE, two of our patients experienced flank pain in the early period, but the rest of the cases did not experience any TCE-related complications, such as pyrexia, ectopic coil placement, renal intimal dissection, renal abscess or renal deterioration.
Discussion
TCE is a minimally invasive, safe and effective procedure for stopping problematic renal bleeding after iatrogenic injury. We have found that the frequent performance of PNL has resulted in increasing performance of TCE at our institution.
The most frequently performed institutional procedures that may cause iatrogenic renal injury are renal biopsy, percutaneous nephrostomy placement, laparoscopic or open partial nephrectomy and PNL. [1] When compared to the other procedures, although practiced for almost 30 years, the number of PNL performances significantly increased after the superiority of this procedure on open stone removal was proven over the last decade. Regardless of large stone sizes or anatomically abnormal kidneys, PNL became a method of choice in the majority of the urology departments in which this technology was available because of its less invasive nature. [4, 5] Technical advances in the design of nephroscopes have encouraged the compact use of [6] Even though PNL is a safe and minimally invasive procedure, surgical difficulties may still occur, some of which have lasting consequences. Renal hemorrhage is the most serious complication of PNL, which has been previously addressed elsewhere. [7] Massive bleeding may occur during needle passage, tract dilation, stone fragmentation, manipulation of the amplatz sheath or nephrostomy placement. Tube clamping, hydration, and tamponade placement are some of the bleeding prevention methods that are used. Nevertheless, the incidence of severe bleeding requiring angiography and embolization is approximately 1.4%. [8] In our series, 2.7% (12 of 443) of the patients required TCE following PNL, which is slightly higher than the current data, most likely because of our tendency to choose a safer treatment in patients with severe bleeding. When the numbers of our PNL and TCE procedures were separated by year, we noted that 3 TCE procedures were performed in the first two years, 9 in the second two years and 6 in the remaining two years. The numbers for PNL performance during these defined periods were 92, 208 and 143, respectively. Accordingly, when we evaluated the proportion of the causative procedures leading to renal hemorrhage requiring TCE, we observed that the numbers of PNL performance directly affected the overall performance of TCE in the defined periods at our institution (Figure 1 ).
Another procedure that may cause severe renal hemorrhage due to iatrogenic renal injury is the partial nephrectomy operation. It has been previously reported that partial nephrectomy can cause bleeding in 0 to 4.5% of cases. [9] Three of our patients experienced severe renal bleeding following this procedure. Although technical success was achieved in these three patients after TCE, one experienced prolonged hematuria and required another session of TCE to stop the bleeding. Finally, all patients were successfully treated without the need for total nephrectomy. Kidney biopsy is another important procedure frequently used by nephrologists and radiologists that may lead to severe bleeding. Soares and colleagues reported on 289 renal biopsy cases in an investigation of amyloidosis in the absence of abnormal international normalized ratio (INR). [10] They observed severe hemorrhage in 5 of the patients (1.7%) who received embolization for the treatment. In our series, 2 of 18 patients received TCE because of renal biopsy. Pseudoaneurysm formation was detected in both cases, and both were successfully treated after appropriate embolization.
Typically, segmental arteries rather than small intrarenal vessels are the cause of severe renal hemorrhage. The most common reasons for bleeding from these vessels are AVF and pseudoaneurysm formations. Srivastava et al., [8] reported 13 pseudoaneurysms and 6 AVFs between 27 TCE procedures. In our series, we also detected pseudoaneurysm as the most common angiographic appearance leading to hemorrhage in our population (Figure 2a, b) . 10 out of 18 patients were treated because of pseudoaneurysm formation, and 2 of our patients had AVFs Although the majority of percutaneous renal procedures are safe with minimal morbidity, it has been reported that renal vascular injuries requiring blood transfusion may occur in 1 to 11% of cases. [1] However, only a few of those patients become clinically unstable despite transfusion, appropriate medication and simple maneuvers to stop bleeding and consequently require further intervention. Therefore, in these circumstances, percutaneous angiography with superselective embolization is superior to open surgical exploration because of its lower morbidity, lower hospital costs, high success rate and lower risk of nephrectomy. [11, 12] Breyer et al., [13] performed a review of 10 published case series of embolization therapy for renal trauma. They found that the overall technical success rate was 90% (151 of 167), and the clinical success rate was 79% (132 of 167). In our series, the rate of technical success was 94.4%, and the clinical success rate was 83.3%, which makes our results comparable with those of previous studies. Considering the existing data, TCE, a preferred method of treatment at our institution, is safe and effective for stopping problematic renal bleeding after iatrogenic injury.
In conclusion, TCE is a minimally invasive, safe and effective procedure for stopping serious renal bleeding after iatrogenic injury. Wide performance of PNL has resulted in increasing performance of TCE at our institution. At centers where PNL is frequently performed, both the urologists and interventional radiologists should collaborate on the treatment of vascular complications. 
